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1.0 Summary of Results of Phase I Study

This document summarizes the work done under a Phase I program (Contract # DAALO3-92-C-0036). During the
course of the program we have demonstrated for the first time the deposition of GaAs on GaN, GaN on GaAs,
GaN/GaAs superlattices and the ternary GaAsN by techniques such as Low Pressure Metalorganic Chemical Vapor
Deposition (LPMOCVD) and Atomic Layer Epitaxy (ALE). We believe we are in a position with the experience gained
from this effort to optimize these growth techniques anr. fabricate devices based on GaN/GaAs superlattices. The
following are the specific results achieved:

1. Demonstrated the deposition of thin GaAs layers on GaN by LPMOCVD.

2. Demonstrated the deposition of GaAs on GaN by ALE.

3. Demonstrated the deposition of GaN on GaAs by ALE.

4. Demonstrated the growth of thick GaN/GaAs superlattices by ALE.

5. Characterized all epilayers by X-ray diffraction and Reflection High Energy Electron Diffraction (RHEED).

6. Developed a Phase ii program.

2.0 Phase I Objectives and Progress Summary

2.1 Growth of GaAs on GaN

Thin layers of GaAs were first deposited using LPMOCVD on thick GaN baselines with and without a AJN buffer layer.
Xray diffraction and RHEED measurements Indicated dearly the single crystal nature of the GaAs epilayer. Low
temperature ALE was also used to deposit the GaN epilayers. Once again Xray and RHEED measurements Indicated
that the GaAs epilayer was single crystal.

2. 2 Growth of GaN on GaAs

Initial depositions of GaN on GaAs by low temperature ALE resulted in polycrystalline material characterized by an
"arcing" pattern seen in RHEED measurements. However when the GaAs surface was "nitrided" before the GaN
epi-deposition good quality single crystal GaN was obtained. These results will be discussed in detail in Technical
Description section.

2.3 Growth of GaAs/GaN superlattices

Thick superlattices of GaN/GaAs were deposited. X-ray diffraction showed peaks characteristic of GaAs (111) and
GaN (002) and (004) planes. Attempts to deposit the ternary GaAsN which Is more lattice matched to GaN than GaAs
were also made. Interesting results about the preferential incorporation of either N or As at different temperatures were
observed from this experiment with the temary. These results provide valuable Information about the growth conditions
required to grow GaN/GaAs superlattices by ALE. This will be discussed in the next section.

3.0 Technical Description: Research, Data and Future Work

3.1 System Design

The initial part of the program focussed on system modifications that needed to be Incorporated to allow growth of
arsenide based semiconductors in our APA LPMOCVD reactor. Tertiarybutylarsine (TBA) was chosen as the arsenic
source. TBA offers the advantage that it safer and easier to handle than arsine which is often the source of choice for
MOCVD growth of the arsenides. Although a reduced risk is associated with the use of TBA, extreme care must be
taken. A schematic of the modified system Is shown in Fig. 1. The vapor pressure of the TBA is extremely temperature
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sensitive, so the TBA bubbler is Immersed In a temperature controlled bath. Hydrogen Is used as the carrier gas. An
APA proprietary high speed switching manifold Is used to control gas flow Into the reactor. This manifold allows for
gases to be admitted In pulses for atomic layer epktaxy. The treatment of the unused TBA Is an Important safety issue.
This Is done by flowing the TBA through a cracking furnace where It breaks down Into ASH2. A special scrubber is
then used to remove the As species.
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Figure 1. TBA system incorporation and gas flow arrangement in modified LPMOCVD reactor. •e\

3.2 Growth and CharActerization

3.2.1 Growth of GaAs on GaN

Several structures were deposited and characterized to determine optimum growth conditions. One of the first
structures Investigated consisted of a 1 micron layer grown on a 3.0 micron GaN layer. Growth conditions of !he GaN
layer have been previously presented (c.f. Khan et. al. Appl. Phys. Lett. 58, 526 (1991)). Following the growth of GaN
at 10000C the substrate temperature was lowered to 6000C and the TBA was allowed to flow for 30 seconds. This
Initial step was to help convert the GaN surface to GaAs. The GaAs growth then proceeded as was reported earlier.
The x-ray spectrum for this sample is shown In Fig. 2. The presence of a single GaAs peak Indicates the material to
be single crystal.
The next step was to use low temperature Atomic Layer Epitaxy (ALE) for the deposition of GaAs. This technique
because of the lower temperature, has the advantages of realizing sharp and distinct Interfaces as well as a tendency
to suppress defect formation due to the large lattice mismatch between GaAs and GaN. A series of samples consisting
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Fig=r 2 X-ray spectrum of a GaAs/GaNIA12O3 s&Uasre displaying single crstal peaks from GaN mns GaAs.

of a few monolayers (10-50) of GaAs on 1 micron GaN (growth previously described) were deposited. A 1H2-1TEG-
11H2-1TBA pulse sequence was typically used for the growth. Growth temperature was typically 4500C while growth
pressures were typically 76 Tonw. RHEED from such a sample is shown in Fig. 3. Note the streaky nature of the RHEED

patterns Indicating that single crystal GaAs Is deposited. Xray diffraction data of the same sample is shown In Fig. 4.
The single peak from GaAs (111) plane Is dearly visible indicating the single crystal nature of the GaAs eplayer.

GaAs OVER GaN GaAs OVER GaN

00 60O

Figure 3. RHEED images of a GaAs epilayergrown on GaN.
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Figure 6. RtHEED images of GaN epilaverns on (;als

(I11) grown by ALE.

3.2.3 Growth of GaN/GaAs Superlattices

A series of GaN/GaAs supedattices were grown using ALE and the nitriding technique. X-ray diffraction from a typical
GaN/GaAs supertattice is shown in Fig. 7. Peaks from GaAs (111) and GaN (002) and (004) planes arp rcle.arly visible

4 0

C\4 I jjt.

w 00z~ CV 1.,

I-9
z <j

10 _010 i l

TWO THETA (DEG)

li47re 7. X-ray .pectnon of a GaN/(aLAs superlatice grown by A LE.
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3.2.4 Growth of GaAsN and Future Work

The deposition of the ternary alloy GaAsN was also attempted. The ternary provides the flexibility of the formation of
GaAsN/GaN quantum well structures which are not as highly strained as GaN/GaAs superlattices. However it was
found that the simultaneous Incorporation of As and N was not achievable. N showed a tendency to preferentially
Incorporate at higher temperatures (750 - 10000C) while As tended to dominate the Incorporation at lower temperatures
(600-7000%) These findings were very similar to the those discovered by H. Okumura et. al. (c.f. J. Cryst. Growth 120,
114 (1992)) In their successful attempt of depositing GaN/GaAs multilayers by Gas Source Molecular Beam Epitaxy
(GSMBE). Though our attempts to grow GaAsN proved to be unsuccessful, the findings will prove useful In optimizing
our growth conditions of GaN/GaAs multilayers by ALE. The GaN/GaAs supeulattices can be deposited at low
temperatures (450-6000C) with an Intermittent supply of TBA (the As source) and a constant supply of NH3 (the N
source). At these low temperatures As will dominate the Incorporation whenever the TBA supply is on for GaAs growth
while GaN will be deposited during the off period of the TBA pulse. These Ideas will be emphasized in a Phase II
program

4.0 Conclusion

We have successfully deposited:

1. Single crystal GaAs on GaN

2. Single crystal GaN on GaAs

3. Single crystal layers of GaN and GaAs to form a GaN/GaAs superlattice.

We recommend continuing the work under a Phase II program. We will optimize the growth parameters for the
deposition of high quality GaN/GaAs superlattices. We will then be in a position to fabricate devices for high
temperature applications based on these supedlattices.
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